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(57) ABSTRACT

The a device 1s provided for dynamic posterior stabilization.
The device combines includes a mobile piston rod with a
piston head at an end thereof; a viscoelastic shock-absorbing
unmit having a convex surface; a fixed rod defining an angle
relative to an axis of a casing and the fixed rod including, at an
end thereof, a concave surface; a viscoelastic ring; and
wherein the viscoelastic components are contained within the
casing.
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DEVICE FOR DYNAMIC POSTERIOR
STABILISATION MATCHING THE
ANATOMIC LORDOSIS

This application claims priority to French patent applica-
tion 0802807, filed on May 23, 2008.

FIELD OF THE INVENTION

The 1invention relates to a dynamic posterior vertebral sta-
bilization device conforming to the shape of the anatomical
lordosis, which device 1s attached between two pedicular
screws and which absorbs all the mechanical stresses and
which allows a controlled mobility of the intervertebral seg-
ment.

This device will exhibit novel means with functional
advantages superior to those of the prior art.

PRIOR ART

Numerous posterior vertebral attachment systems are
known that rigidily a certain number of vertebrae depriving,
them of all mobility 1n order thus to make 1t possible to absorb
all mechanical stresses. However, the first vertebra adjacent
to this rigid block keeps all 1ts mobility and this sudden
discontinuity between the rigid block and this free vertebra
very often causes an excessive stress on the connecting ele-
ments. The result of this 1s an acceleration 1n the degeneration
of this level.

This problem has been only partially solved by semirigid
systems designed to create an intermediate rigidity between
the mobile vertebrae and the fixed vertebrae. These systems
have the following drawbacks:

Either they work only 1n tension. This 1s the case with all
the devices based on artificial ligaments. These systems are
not very elastic and leave 1t to the judgment of the operator to
adjust the tension thus randomizing the mechanical charac-
teristics 1n particular in the tension/compression operating,
mode which concerns us most frequently.

Or they work 1n compression with a tension stop, which
makes these devices ineffective when they have to assist
movements 1n extension.

Whatever the case, none of the known devices entirely
solves the problem posed, namely: to absorb the mechanical
stresses that exist in tension/compression and 1n flexion to
which two vertebrae can be subjected, while complying with
the anatomical lordosis, and allowing ranges of movement
compatible with the stresses of the human body.

Cited as the first priority will be the patent FR 2771280, a
resilient vertebral connecting device consisting of two mobile
rods connected by means of a shock-absorbing element made
of metal materials of moderate elasticity and having a con-
siderable rigidity. This device can 1n no circumstances have
the same functions and the same flexibility as those obtained
by the present invention. Its performance 1s limited and the
mobility of the device 1s closer to that of a rigid metal rod than
to the mobility that the present invention will provide.

Cited as a second priornity will be the document No. EP
0669109 “Stabilisierung von benachbarten Riickenwirbeln”.

This priority 1s a hollow polyurethane cylinder compressed
between two pedicular screw heads, made from a stretched
ligament which passes through the hollow cylinder and which
1s attached to the screws by clamping of the stoppers. In
addition to the fact that there 1s no possibility of obliquity of
the polyurethane cylinder which therefore does not comply
with the anatomical lordosis; the latter 1s very stitl and allows
very little mobility of the intervertebral segment. Our mnven-
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tion, on the other hand, 1s aimed at making the mobility of the
treated intervertebral segment easier by making 1t tend toward
a normal anatomical position (compliance with the lumbar
lordosis angle).

Cited as a third, more recent, priority will be the application

PCT WO03007828 which describes and claims “‘a tlexible

vertebral connecting device”.

This prionty, although improving the prior art of metal
devices, does not completely solve the problem that will be
solved by the present invention 1n which the means and func-
tions put 1 place very markedly improve the functionalities.

This 1s what the present invention proposes to do by putting,
in place novel means necessary for obtaining the expected
results.

The figures used for the comprehension of the mnvention
are:

FIG. 1, plate 1/5, a view 1n section of the device corre-
sponding to patent FR 2771280 (prior art; entirely mechani-
cal means),

FIG. 2, plate 1/5, a view 1n section of the document No. EP

0669109,

FIG. 3, plate 1/5, a view 1n section of the closest device of
application PCT W(O/03007828 (prior art),

FIG. 4, plate 2/5, a view 1n section of the novel device with
its means of application,

FI1G. 4d, plate 2/5, a view 1n detail of the novel device with
its means of application,

FIG. 5, plate 2/5, a view 1n perspective of the novel device
illustrating 1ts multiaxiality possibilities,

FIG. 6, plate 2/5, a view 1n perspective of the novel device
working in flexion and tension-compression mode,

FIG. 7, plate 3/5, a view 1n perspective of the novel device
mounted on pedicular screws,

FIG. 8, plate 3/5, a rear view of the novel device mounted
on pedicular screws with the positioning mark,

FIG. 9, plate 3/5, a rear view of the novel device mounted
on pedicular screws showing the bottom position limit 1n
compression,

FIGS. 10 and 11, plate 4/5, a view 1n section of the novel
device comprising a safety stop, FIG. 10 device at rest and
FIG. 11 device 1n compression,

FIG. 12, plate 4/5, a view of a novel device mounted on
three pedicular screws attached to adjacent bodies,

FIG. 13, plate 5/5, a view of two devices that are the subject
of the imnvention mounted on the spinal column.

IN THE

EMBODIMENT OF THE CLOSEST
PRIOR ART

The device (1) closest to the novel device (2) that 1s the
subject of the mnvention comprises:

A set ol nngid means combined with viscoelastic means, the
first of which transmit the forces and the second absorb the
dynamic stresses.

The ngid means consist of three elements:

a piston rod placed 1n the top portion

a fixed rod 1n the bottom portion

a cap enclosing all of the viscoelastic means.

The biocompatible viscoelastic means, preferably made of
silicone or of polyurethane, consist:

of an obliquely truncated viscoelastic solid cylinder

of an obliquely truncated viscoelastic ring, the faces of
which come into contact with the piston of the piston rod.

The device 1 1s capable of operating with the rods and one
of them, the piston rod, moves multiaxially with a small angle
of movement and determined ranges of movement.
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There 1s an orifice placed at one of the ends of the cap which
allows a multiaxial range of movement of the pistonrod of the

device 1.

The shape of this orifice 1s defined depending on the
planned ranges of movement. The piston rod can therefore
work 1n tension, compression with a predetermined angle .,
the piston rod then forming with the fixed rod a given angle
depending on the shape of the orifice.

This priority has drawbacks that are too great to entirely
solve the problem posed.

On the one hand, the smallest section of the obliquely
truncated ring sustains too many strains under the action of
the mechanical stresses and consequently deteriorates rap-
idly.

On the other hand, the piston rod which forms an angle .
with the fixed rod 1n the neutral position butts against the
metal cap during considerable stresses which limits the angu-
lar ranges of movement and therefore the mobility of the
patient. The section of the obliquely truncated ring has zones
with thin walls resulting 1n the fact that the oblique ring can in
no circumstances withstand the movements of the piston rod
toward the edge of the cap. This generates wear debris, which
will get worse and which 1s very harmiul to the longevity of
the device, thus to the health of the patient. Note also the
absence of return force which means that the dynamic
response of the device 1, unsuited to the biomechanics of the
spinal column, becomes harmful. That 1s why this priority
cannot be used to entirely solve our problem.

IN A PREFERRED EMBODIMENT OF THE
INVENTION

The device 2 1s a combination of rigid means and of vis-
coelastic means allowing the device 2 to form an angle vy 1n the
neutral position between 1ts two attachment elements to the
pedicular screws and to apply a permanent elastic return force
around this position while absorbing the compression and
flexion forces applied to the pedicular screws.

The device 2 comprises:

a mobile piston rod 20 comprising a piston head 200 at its
end

a viscoelastic shock-absorbing pad 23 comprising a convex
face 230

a fixed rod 22 forming an angle v relative to the axis of the
cap 21 which comprises, at the end situated 1nside the device
2, a concave surface 220 which conforms perfectly to the
shape of the convex face 230 of the viscoelastic shock-ab-
sorbing pad 23

a viscoelastic ring 24 housed 1nside the cap 21 enclosing
the viscoelastic means 23 and 24.

The assembly clearances of this ring with respect to the
piston rod 20 and to the cap 21 have been optimized on the
basis of endurance tests 1n order to maintain a satisfactory
clastic return.

The cap 21 comprises, 1n 1ts top portion, a conical orifice
210, the conicity of which allows the angular ranges of move-
ment of the mobile piston rod 20 that can also serve as a stop
without applying concentration of stress while limiting the
angular ranges of movement of the rod. The internal face of
the cone 211 also makes 1t possible to offer the largest pos-
sible contact surface to the viscoelastic ring 24 which rests
perfectly on this face of the cap and thus limiting the stresses
in the ring 24.

The device 2 1s attached to the pedicular screws by the ends
of the rods 20 and 22. These two rods form between them an
angle v, the neutral position of the unstressed device. This
angle v reproduces the angle of the anatomical lordosis of the
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4

spinal column, a position of perfect equilibrium, around
which the device 2 will always tend to return by virtue of an
clastic return force applied by the ring and the viscoelastic
pad 24 and 23, and will do so 1rrespective of the dynamic
stresses and movements that are imposed on the rod 20.

The device 2 comprises the fixed rod 22 which forms the
angle v relative to the cap 21 and to the neutral position of the
mobile piston rod 20. The piston rod 20 1s positioned 1n the
axis of the cap and moves 1n both directions along this axis
while compressing the viscoelastic means 23 by virtue of the
bottom face 202 of the piston head 200 during the compres-
sion and flexion movements and by also compressing the
viscoelastic ring 24 by virtue of the top face of the piston 201
during the tension and flexion movements.

The axial movement of the mobile piston rod 20 can be
combined with angular movements £2 of this same rod by
virtue of the contact between the two faces 201 and 202 of the
piston 200.

When the device 1s at rest, the absence of clearance causes
stressless contacts between the piston head 200 and the vis-
coelastic means 23 and 24 by virtue of the type of assembly
carried out. The deformation of the viscoelastic means 23 and
24 allows the piston head 200 to adopt an angle around 1ts
neutral position depending on the stresses applied. Under
mechanical stresses, the viscoelastic means 23 and 24 are
then compressed over a portion of their surface and apply an
clastic return force to the piston head 200 tending to return the
rod 20 to the axis of the cap 21.

The piston 200 of the rod 20 has a knuckle 203 on 1its
bottom face 202 which prevents creating beginnings of break-
age of the viscoelastic shock-absorbing pad 23 when the
piston 200 adopts an angle.

Similarly, the viscoelastic ring 24 has a knuckle 240 on its
face 241 1n order to limit the risks of imtiating a break when
the piston 200 adopts an angle.

This viscoelastic ring 24 also makes it possible to apply an
clastic return force to the angular ranges of movement of the
rod 20 by the possible deformation of its internal diameter
242. The possible deformations of the viscoelastic ring 24
allow the angular ranges of movement £2 of the rod 20 to be
absorbed.

The geometry of the conical orifice 210 of the cap 21 makes
it possible to limit the ranges of movement of the rods 20
inside a cone defined by an angle of polyaxiality €2 of the
order of 15°.

At the travel limit, the mobile piston rod 20 comes into
linear contact on the conical surface 210 and not 1n sporadic
contact as was the case 1n the closest invention of the prior art
(FI1G. 3) which has the effect of reducing the concentrations of
stresses on the piston rod 20.

When the device 2 1s subjected to compression stresses, the
bottom face 202 of the piston 200 will compress the vis-
coelastic element 23, the two faces 1n contact being flat 1n
order to distribute the stresses over the totality of the surfaces
in contact. The fixed rod 22 comprises, at the end situated
inside the device 2, the concave surface 220 which conforms
perfectly to the shape of the convex face 230 of the viscoelas-
tic shock-absorbing pad 23.

The concentricity of these convex and concave faces which
match perfectly allows centering of the viscoelastic element
23 with the rod 22 and the cap 21 so that the viscoelastic
means 23 is perfectly centered inside the cap 21.

This design allows the viscoelastic element 23 to deform
without coming into contact with the internal walls of the cap
21 while preventing Iriction and excess stresses that are
extremely harmitul to the longevity of the viscoelastic means

23.
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Moreover, this centering by the concavity 220 and the
convexity 230 of the fixed rod 22 and of the viscoelastic
clement 23 prevents all radial movement of the viscoelastic
clement 23 that could be caused by a flexing movement of the
piston rod 20, the piston 200 applying an oblique pressure to
the viscoelastic means 23.

This 1s why the operation of the device 2 1s markedly
improved relative to the device 1 that 1s more limited in 1ts
ranges of movement and 1n its service life.

The mobile piston rod 20 comprises a mark r (FIGS. 8 and
9) intended for a perfect positioning of the device 2. This
mark r 1s aimed at by the operator when positioning the piston
rod 20 and must be aligned with the bottom face of the
pedicular screw heads V. This alignment makes 1t possible to
maintain a distance ¢ (of a few mm) between the top face of
the cap 21 and the bottom face of the pedicular screw heads 'V,
in order to limit the induced stresses and movements beyond
this limit 1n the viscoelastic element 23.

If there should be dynamic stresses that are too high, the
bottom face of the pedicular screw would butt against the top
face of the cap 21 in order to limait the forces applied to the
viscoelastic means of the device 2. This provides a safety
clement for a good mechanical resistance to fatigue of the
device 2 that 1s the subject of the invention.

FIG. 12 shows how, 1in the prior art, the possibility of a
combination of two vertebral stages, one of which has been
fused and the other made mobile by the device 2.

In a possible variant applied to this device, an additional
satety element 1s included (FIGS. 10 and 11) which 1s a
central stop placed at the bottom of the concave cavity 220 of
the fixed rod 22. During the compression forces, the piston
200 of the piston rod 20 comes 1nto contact with the stop b
alter a predefined vertical movement of the order of a few
millimeters, which prevents overloads which could be
applied to the viscoelastic means 23.

This additional stop b can be suificient 1n 1tself or supple-
ment that resulting from the alignment of the end of the screw
with the mark r.

The mvention claimed 1s:

1. A dynamic posterior stabilization device, comprising:

a fixed rod having a first end, the first end having a concave
surface;

a cap allixed to the first end of the fixed rod such that the
concave surface of the first end 1s housed within an
interior volume of the cap;

a mobile piston having a shaft and a head end, the shaft
being disposed through an orifice of the cap such that the
head end of the mobile piston 1s housed within the inte-
rior volume of the cap;
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a viscoelastic ring disposed around the shait of the mobile
piston and between the cap and the head end of the

mobile piston;

a viscoelastic shock-absorbing pad having a convex face,
the viscoelastic shock-absorbing pad being disposed
between the head end of the mobile piston and the con-
cave suriace of the first end of the fixed rod such that the
convex face contacts the concave surface of the first end
of the fixed rod for centering the viscoelastic pad on the
first end of the fixed rod without contacting the cap; and

wherein the fixed rod has a longitudinal axis which 1s
disposed at an oblique angle relative to a longitudinal
ax1s of the cap.

2. The dynamic posterior stabilization device of claim 1,
wherein the viscoelastic ring has a knuckle on a face of the
viscoelastic ring limiting the risks of initiating a break when
the mobile piston adopts an angle, said viscoelastic ring also
making it possible to apply an elastic return force to the
angular ranges of movement of the shait of the mobile piston
by deformation of the viscoelastic ring.

3. The dynamic posterior stabilization device of claim 1,
wherein the mobile piston comprises a mark for positioning
the device within a head of a pedicular screw; wherein the
mark 1s configured to indicate a pre-determined distance
between the cap and the head of the pedicular screw.

4. The dynamic posterior stabilization device of claim 1,
wherein 1t comprises a stop placed at the center of the concave
surface of the fixed rod which, during the compression forces,
causes the head end of the mobile piston the piston rod (20) to
come 1nto contact with this stop after a vertical movement.

5. The dynamic posterior stabilization device of claim 1,
wherein the convex face of the viscoelastic shock-absorbing
pad and the concave surface of the fixed rod are concentric
and match, which allows centering with the cap so that the
viscoelastic shock-absorbing pad is perfectly centered inside
the cap allowing the viscoelastic shock-absorbing pad to
deform without coming into contact with the internal walls of
the cap while preventing friction and excess stresses that are
extremely harmful to the longevity of the viscoelastic shock-
absorbing pad.

6. The dynamic posterior stabilization device of claim 1,
wherein the orifice of the cap has a frustoconical shape and
wherein the orifice 1s configured such that the shaft of the
mobile piston 1s angularly moveable through a range of 0-15°
with respect to an axis perpendicular to the orifice.

G ex x = e



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 9,072,544 B2 Page 1 of 1
APPLICATION NO. : 12/993976

DATED cJuly 7, 2015

INVENTOR(S) . Fortin et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title page, item (57) should read:
--(57) ABSTRACT

A device 1s provided for dynamic posterior stabilization.

The device includes a mobile piston rod with a

piston head at an end thereof; a viscoelastic shock-absorbing
unit having a convex surtace; a fixed rod detining an angle
relative to an axis of a casing and the fixed rod including, at an
end thereof, a concave surface; a viscoelastic ring; and
wherein the viscoelastic components are contained within the
casing.--

In the claims:
Column 6, line 31, should read:

--causes the head end of the mobile piston to--

Signed and Sealed this
Third Day of November, 2015

Tecbatle 7 Lo

Michelle K. Lee
Director of the United States Patent and Trademark Office
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